Objective: Pregnancy-related pelvic girdle pain (PPGP) is a common and debilitating condition. Muscle energy techniques (METs) are used in the management of PPGP.
| INTRODUCTION
Pregnancy-related pelvic girdle pain (PPGP) describes pain over the anterior and posterior elements of the pelvic region and between the levels of the posterior iliac crest and the gluteal fold (Kanakaris, Roberts, & Giannoudis, 2011) . It is a common condition in pregnancy, with reported prevalence rates ranging from 20% to 84% worldwide (Kanakaris et al., 2011; Van de Pol, van Brummen, Bruinse, Heintz, & van der Vaart, 2007; Vleeming, Albert, Östgaard, Sturesson, & Stuge, 2008) . In addition to the reported discomfort, PPGP significantly diminishes the capacity for performing functional activities such as standing and walking (Elden, Ladfors, Olsen, Ostgaard, & Hagberg, 2005) . The cause of PPGP remains unclear, although hormonal, anthropomorphic, and biopsychosocial factors have been reported as being associated (Albert, Godskesen, Korsholm, & Westergaard, 2006; Beales, Lutz, Thompson, Wand, & O'Sullivan, 2016; Clinton, Newell, Downey, & Ferreira, 2017) .
Women with PPGP report their pain to be of moderate to severe intensity and often seek pain relief (Pierce, Homer, Dahlen, & King, 2012) . There is evidence that women are reluctant to use analgesia for pain relief during pregnancy because of their beliefs and the unknown effects on their unborn babies (Chang, Jensen, & Lai, 2015) . Thus, women are commonly referred for physiotherapy, which offers a low-risk strategy and no reported adverse events when managing PPGP (Elden et al., 2005; Gutke, Betten, Degerskär, Pousette, & Olsén, 2015) . Physiotherapy treatments have consisted of educating women on how to manage the pain by altering positions and posture, using heat packs, applying pelvic belts, provision of manual therapy, and prescribing exercises (Gutke et al., 2015; Van de Pol et al., 2007) .
Exercise has been advocated as a safe and appropriate treatment for PPGP (Gutke et al., 2015; Stuge, 2012; Vleeming et al., 2008) . The rationale for exercise, such as stabilizing exercises, has been that they lead to improvements in dynamic control of the lumbopelvic region by activating local and global muscle systems (Stuge, 2012; Vleeming et al., 2008) . However, the evidence for exercise to reduce pain in PPGP is limited with conflicting results between studies (Almousa, Lamprianidou, & Kitsoulis, 2018; Elden et al., 2005; Gutke et al., 2015; Liddle & Pennick, 2015) . The differences in treatments trialled between studies may contribute to the conflicting results reported.
These treatments have included varying numbers of treatment sessions and treatment lengths, differing rationales for exercise, and inconsistencies in inclusion criteria of participants, making comparisons between studies difficult. For example, a recent systematic review reported that performance of stabilizing exercises for women with PPGP was varied in the duration of treatment length between studies from 6 to 20 weeks (Almousa et al., 2018) . However, with many women being referred to physiotherapy in the third trimester of pregnancy, such a long duration of exercise may not be the most suitable to provide an immediate decrease in pain.
An alternative to exercises performed solely by the patient is muscle energy techniques (METs), which have been reported as being used by physiotherapists in the management of PPGP (Beales et al., 2015) . "Muscle energy technique" is a term that describes the performance of submaximal, isometric contractions by the patient against the manual resistance of the therapist, with the aim to have a hypoalgesic and/or mechanical effect (Franke, Fryer, Ostelo, & Kamper, 2015) .
There is some evidence to demonstrate the efficacy of utilizing MET in providing pain relief (decrease of 4.3 ± 1.3 mm on the visual analogue scale [VAS] ) in individuals with non-specific lumbopelvic pain when measured at 24 hr after treatment (Selkow et al., 2009 ). The effect of MET has been investigated as part of a multimodal treatment regimen on pregnant women with lumbopelvic pain and demonstrated a weak effect (0.27 for pain using a VAS; Licciardone et al., 2010) .
However, Licciardone et al. (2010) did not provide details about the frequency of use of any individual modality, which makes it difficult to draw conclusions about the efficacy of a MET when managing PPGP.
It is possible that there is a pain relieving benefit of MET in people with low back pain and PPGP; however, these two conditions are different from each other as they have distinct pathophysiological features (Vleeming et al., 2008) . Low back pain is typically characterized by pain over the lumbar vertebrae, whereas PPGP is reported over the region of the sacroliliac joints (Kanakaris et al., 2011; Pierce et al., 2012; Vleeming et al., 2008) . Further, there are different assessment techniques and treatment options in each of these spinal conditions (Pierce et al., 2012; Vleeming et al., 2008) . Therefore, there is a clear (18) and enrolled in the study between June 2014 and September 2017. Each woman was examined and included in the study if she was classified with PPGP according to recommended guidelines (Vleeming et al., 2008) . To be classified as having PPGP, women needed to report pain during two or more of the following activities: walking, standing, climbing a flight of stairs, turning over in bed, or getting out of a chair; the area of reported pain had to be distal to the fifth lumbar spinous process and between posterior iliac crest and gluteal fold with or without leg pain to the level of the knee and with or without pubic symphysis pain; the women confirmed the pain had commenced in relation to pregnancy; and positive findings on a physical examination, including the posterior pelvic pain provocation test (Ostgaard, Zetherström, & Roos-Hansson, 1994 ) and active straight leg raise (Mens, Vleeming, Snijders, Koes, & Stam, 2001) , on the side of the reported symptoms. Once included, each woman provided details in a brief questionnaire, including age, height, weight, current gestational age, and parity, and completed the Pelvic Girdle Questionnaire, a reliable and valid measure, as a measure of pain and disability (Grotle, Garratt, Krogstad Jenssen, & Stuge, 2012; Stuge, Garratt, Krogstad Jenssen, & Grotle, 2011) .
Exclusion criteria were the report of a known chronic orthopaedic, inflammatory, or rheumatological disorder, fracture, uncontrolled medical or obstetric condition such as diabetes, complication(s) due to pregnancy, low back pain unrelated to the pregnancy, sensory disturbance in the lower limb on one or both sides, unilateral or bilateral lower limb weakness, ataxic gait, stocking-like numbness, unexplained incontinence, and unremitting and severe back pain not altered by different posture(s) or position(s).
| Procedure
Each woman was treated during one session with a MET and a sham treatment in a randomized order and then standard care (Figure 1 ).
Block randomization to determine the order of provision of a MET and sham was performed by using sequentially numbered envelopes generated by a blinded research assistant. Only the treating physiotherapist was aware of the order of the treatments with the assessing physiotherapist remaining blinded to the treatment provided for the duration of the study. Clinical measures were taken prior to the first intervention and immediately following each of the interventions (MET, sham treatment, and standard care) by the assessing physiotherapist. A 10-min rest period was ensured before each treatment was applied to standardize the possible carry-over effect for each treatment. The rationale behind the 10-min wash out period included that this study aimed to measure the immediate relief of pain and was not designed to investigate a retention effect of an exercise intervention. Further, using a longer wash out period would have increased the burden on participants. As routine physiotherapy sessions in this healthcare setting are for 60 min, the current study aimed to utilize a similar time frame as a pragmatic approach when adhering to the study protocol. A crossover design was preferred as the treatment was aimed at alleviating symptoms, and it was not expected that the sham intervention would improve pain or function in women with PPGP such that it would confound the potential benefit of a MET. A crossover design with short wash out period has been used previously to investigate short-term effects of an exercise intervention (LeGear et al., 2016) . Primary outcome measures were the self-report of pain intensity using a VAS (Bijur, Silver, & Gallagher, 2001; Kersten, White, & Tennant, 2014; Thong, Jensen, Miro, & Tan, 2018; Wewers & Lowe, 1990 ) and function using the Timed Up and Go (TUG; Evensen, Kvåle, & Braekken, 2015 , which have been reported to be valid and reliable measures. Each participant was instructed to score their pain intensity on a VAS from a 0 (no pain) to 10 (worst possible pain) point scale, anchored by word descriptors (Wewers & Lowe, 1990) . The TUG required the participant to stand up from a chair, walk 3 m, turn FIGURE 1 CONSORT 2010 flow diagram. MET: muscle energy technique; TENS: transcutaneous electrical nerve stimulation around, walk back to the chair, and sit down again (Evensen et al., 2015) . As a secondary outcome measure, the duration of single leg stance on each leg was recorded to a maximum allowed 30 s when the test was ceased.
The treating physiotherapist determined whether the pelvis was posteriorly or anteriorly rotated during clinical examination (Selkow et al., 2009 ). The treating therapist determined the pelvis to be anteriorly rotated if the anterior superior iliac spine on the painful side was lower in the frontal plane compared with the unaffected side when the participant was examined in standing and vice versa for determining a posteriorly rotated pelvis (Selkow et al., 2009) . Two physiotherapists provided treatment in this study and had been employed in the outpatient department for 15 and 18 years, respectively. Both physiotherapists completed a training session to ensure they were consistent in determining anterior and posterior innominate rotation when assessing women with PPGP. Palpation of the anterior superior iliac spine relative to computed tomography has been shown to be accurate (Adhia et al., 2012) . The specific MET was either a force applied by the therapist to resist hip extension if the pelvis was anteriorly rotated or hip flexion if the pelvis was rotated posteriorly (Bindra, Kumar, Singh, & Singh, 2012) . Between 4 and 6 contractions, each of submaximal effort, and maintained for a duration of 5 to 10 s each, was performed and avoided aggravation of the symptoms. The sham intervention was transcutaneous electrical nerve stimulation (TENS) with non-conducting electrodes. The women were familiarized with the TENS unit by adhering conducting electrodes to the forearm and current being applied such that the participant reported feeling a tingling sensation. Subsequently, without the participants' knowledge, the non-conductive TENS electrodes were adhered to the posterior pelvic region overlying the area of reported pain. The women were shown the TENS unit being switched on with the light signal, unaware that the electrodes were non-conductive. The sham TENS was maintained for 10 min and deemed an appropriate sham as it has been used as a method for controlling pain in pregnancy and childbirth (Kaplan, Rabinerson, Pardo, Krieser, & Neri, 1997; Keskin et al., 2012; Oosterhof et al., 2008) . Following the two interventions, each woman was provided with standard care by the treating physiotherapist. Treatment(s) included in standard care were at the discretion of the treating physiotherapist so that all participants were able to access care that was equivalent to current practice at the hospital. This ensured that there was no change in the current practices at the site of this study, thereby no change in the risk of harm and a potential benefit of attending physiotherapy. These treatment(s) may have included any or all of the following: soft tissue massage, provision of a pelvic support, mobilization, manipulation, exercises, taping, postural education, education about activity modification, and beliefs relating to pelvic instability (van Benten, Pool, Mens, & Pool-Goudzwaard, 2014).
| Data analysis
Repeated factor analysis of variance, with a within-subject factor for time (four levels) and between-subject factor for order (two levels), was performed for each dependant variable to determine whether there were any statistically significant differences with significance accepted at p < 0.05 and Bonferroni correction made to reduce the risk of a type 1 error (SPSS, V.21, Chicago IL, USA). If there was a significant interaction, then within-subject contrasts were reported, and follow-up pairwise comparisons were performed to determine if there were statistically significant differences between levels for each independent factor. The parameters used to calculate sample size a priori were M (SD) 2.5 (3.1), two tailed, error 5%, and power 80% (G * Power; Faul, Erdfelder, Lang, & Buchner, 2007) . A sample size of 80 was determined to be able to determine statistically significant differences, and the assumption of normality of the data was assessed by visual inspection of the Q-Q plot for each dependant variable. The data set can be found in the Supporting Information File 2. (Table 1 ). There were no adverse events reported following any of the interventions.
| DISCUSSION
This study demonstrated that there was no difference between a MET and sham treatment in improving pain and function in women with PPGP during a single session of physiotherapy. The sample population in the current study had a similar report of pain representing the typical presentation of women with PPGP compared with previous studies (Kanakaris et al., 2011; Mousavi, Parnianpour, & Vleeming, 2007; Pierce et al., 2012) . However, none of the published studies utilized a similar method of assessment or intervention, thus making comparisons of the current findings with previous studies problematic. The observation that pain and function improved over the course of the physiotherapy session supports the provision of physiotherapy as a safe and conservative option in the management of PPGP.
There was an immediate improvement in pain in all women who attended the single physiotherapy session, regardless of the treatment provided. The improvement in the VAS was on average 26 mm (>30% change from baseline) and was interpreted as clinically important to identify that there had been a response to treatment consistent with findings in patients with low back pain (Ostelo et al., 2008) and with the recommended change in the range of scores when managing acute pain as reported by a recent systematic review of the clinically important difference (Olsen et al., 2017) . However, the improvement in pain could be due to factors other than the intervention, because comparisons were made within the cohort of women who received both MET and sham TENS (Bland & Altman, 2011) . The observed improvement may have been due to a placebo effect in which participants had an expectation that they would feel better, having volunteered for the study. It is known that positive support, empathetic care and attention, and adequate information can lead to a placebo-elicited inhibition of pain (Petrovic et al., 2010) .
Pain and function may have improved within the session due to changes in the aggravating factors. For example, an increase in pain with PPGP has most commonly been reported during weight-bearing activities such as standing, walking, and sit-to-stand (Elden et al., 2005) . It is possible that the improvements observed in the current study were due to women adopting non-weight-bearing positions when attending the physiotherapy consult and may have contributed to a relative accommodation of the experienced pain (Jacob, Kerns, Rosenberg, & Haythornthwaite, 1993) . Women were typically interviewed when they were seated prior to the physical examination and were also assessed and treated in a non-weight-bearing position such as crook lying, supine, and side lying. The improvement over the single consultation may also have been a result of the participants becoming more familiar with the test procedures. In order to determine whether or not the improvement was in fact due to the interventions, a third "no intervention" group would be needed for comparison in future studies.
In the current study, the classification of "direction-specific impairment" was limited to being "anterior" or "posterior" innominate rotation based on the therapist's assessment (Bindra et al., 2012) .
The MET was applied by either of two qualified and experienced physiotherapists who were consistent in their classification of direction-specific misalignment using clinical examination and the implementation of MET (Bindra et al., 2012) . It is plausible that the observed improvement in pain and function may have been greater compared with the sham treatment if there were modifications to the applied MET. However, the current study aimed to limit the type of treatment provided to avoid the confounding factors of having multiple types of treatments applied to the cohort. Further, observed improvements were possibly due to a neurophysiological response rather than a change to the biomechanics (Tullberg, Blomberg, Branth, & Johnsson, 1998) to factors such as fulfilling employment commitments and having to care for children, which make it difficult to attend more than one session. Therefore, the current investigation focused on determining the effect of treatment over a single session of physiotherapy, which was aimed at providing immediate pain relief.
| IMPLICATIONS FOR PHYSIOTHERAPY PRACTICE
This is the first study to empirically determine the immediate effect of MET as a single modality rather than as a complementary part of management in PPGP. The improvements in pain and function were equivalent for MET and sham TENS, whether administered as the first or second treatment within the session. However, the immediate benefit of reducing pain may have been due to factors other than the interventions, such as a placebo effect when attending care, mechanical unloading during the physiotherapy session, and becoming more familiar with the test procedures. Thus, the mechanism(s)
underlying the cause of improvement remains unknown. It is important that the reasoning behind such improvements be established with future studies in order to develop specific and targeted treatments. This will be inclusive of biopsychosocial approaches, which may be more effective in managing PPGP and avoid nurturing the belief system in physiotherapists and patients, that MET in some way corrects a misalignment and is the cause of improvement in pain and function. Nonetheless, physiotherapy remains a safe and effective treatment option in the management of PPGP.
